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Abstract 
The use of groundwater flow models1 is prevalent in the field of environmental hydrogeology to predict the fate and 
transport of contaminants for risk evaluation purposes. In this paper, the authors develop a groundwater flow model 
in Tongliao city, China by using Visual MODFLOW. The conceptual model was built by analyzing the 
hydrogeological data. Hydrologic parameters have been calibrated based on the available data observed from 1999 to 
2002, the calibrated results show that the computed water heads fit into with perfectly the measured data, which 
indicate that the conceptual model and the parameters used in the model can reflect the actual physical system of the 
study domain. The calibrated parameters will be very useful to identify the aquifer properties and to analyze the 
groundwater flow dynamics, the changes of groundwater levels in the study area. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE2011. 
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1. Introduction
Groundwater constitutes the most important natural water resources all over the world. The use of
groundwater models is prevalent in the field of environmental hydrogeology. A simulation of 
groundwater flow that takes into consideration the parameters and properties variability of aquifer is only 
possible through mathematical modeling. Groundwater flow and fate and transport models have been 
applied to investigate a wide variety of hydrogeologic conditions. Groundwater flow models are used to 
calculate the rate and direction of movement of groundwater through aquifers and confining units in the 
subsurface. Numerous studies have been conducted in the last decades using professional groundwater 
software, such as Visual MODFLOW, GMS, FEFLOW, SEAWAT, GSFLOW and/or the integration of 
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some ones. The most widely used numerical groundwater flow model is Visual MODFLOW which is a 
modular three-dimensional finite-difference groundwater flow model. Visual MODFLOW is widely used 
to predict groundwater flow or head fluctuations or to verify other groundwater simulation methods, such 
as spreadsheet simulation model. Due to its capability, MODFLOW is widely used to simulate different 
types of groundwater problems in different geographical regions, such as the arid, semi-arid and tropical 
areas. It is a well known model in the field of groundwater [1]. Xu et al [2] performed a study of 
modeling groundwater dynamics in shallow water table areas by Integration of SWAP and MODFLOW-
2000. Li et al. [3] studied the groundwater flow table in Daqing city using Visual MODFLOW, and the 
same code has been applied to simulate contaminant migration in groundwater by Wei [4] and Norhan [5].  
2.  Description of the study area 
The study area is located at west Liaohe plain, with geographical coordinates of longitude 122 ° 09'30 
" - 122 ° 24'29" and latitude 43 ° 33'58 " - 43 ° 44'54", the area of interest for this study covers a surface 
of 400 km2. The topography in the region is characterized predominantly by alluvial plain. The climate in 
the region is arid and semi-arid continent with the features of strong and long-duration evaporation, less 
and concentrated rainfall, strong wind with high frequency. 
The geological setting of the study area is mainly composed of Quaternary Holocene alluvium, three 
aquifer systems can be generalized, which are described as following: 
1) Phreatic aquifer: it consists of the Holocene, upper and middle Pleistocene its thickness ranges from 
76 to 124 m with an average of 92 m. 
2) Aquitard: this part is composed of silty sands and clays deposits of middle Pleistocene formation, 
approximately 2-5 m in thickness. 
3) Confined aquifer: it is made of coarse-grained sands and gravels deposits of middle and lower 
Pleistocene. The thickness of this unit ranges from 42.25 to 62.40 m, and up to 65.55- 67.13 m in some 
section. 
3. Numerical model 
3.1. Simulation code 
Visual MODFLOW is the most complete and easy to use modeling environment for practical 
application in three dimensional ground water flow and contaminant transport. The advantages of 
MODFLOW include numerous facilities for data preparation, easy exchange of data in standard form, 
extended worldwide experience, continuous development, availability of source code, and relatively low 
price. With the ability to simulate groundwater and surface water interactions, and the added capability of 
calculating changes to groundwater chemistry, groundwater professionals now have a complete set of 
tools necessary for addressing water quality, groundwater supply, and source water protection initiatives. 
[6]. 
Due to the hydraulic connection between the confined aquifer and the aquitard, the water system in the 
study area can be generalized as a non-homogeneous, isotropic and non-steady flow since, the governing 
equation can be written as Eq. (1). 
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where  is modeled domain (m2); ( , , )x y z is spatial coordinates (m); S0 is the phreatic surface; S1 is 
the dirichlet boundary; 1( , , , )H x y z t  is the water head at S1; H is the potentiometric head (m); 
0 ( , , )H x y z is the initial water head; K is hydraulic conductivity; s is the elastic storativity; W is a 
volumetric flux per unit volume representing sources and/or sinks of water (m3d-1); Ss specific storage 
coefficient defined as the volume of water released from storage per unit change in head per unit volume 
of porous material (d-1); P is the flux per unit area and time (md-1)and t is time (d). 
3.2. Boundary and initial conditions 
The lateral conditions are generalized as prescribed water head since the observation boreholes are 
mostly located at the lateral sides. For the vertical boundaries, the upper part is defined as known-flux one 
since there exists rainfall recharge, evaporation, river leakage and irrigation recharge. The lower part is in 
contact with impermeable bedrock of the confined aquifer, so it is set as impermeable (zero-flux) 
boundary. The model domain is spatially discretized into 900 regular rectangle elements as illustrated in 
Fig. 1. 
3.3. Model calibration 
Model calibration consists of changing values of model input parameters in an attempt to match field 
conditions within some acceptable criteria. A calibrated model uses selected values of hydrogeologic 
parameters, sources and sinks and boundary conditions to match historical field conditions. After the 
model has successfully reproduced measured changes in field conditions, it is ready for predictive 
simulations. Model calibration has a start time at 25th of March, 1999 while the end time was set to 25th 
of August, 2002, and the period is divided into two time steps. The data used in the calibration and 
validation included the corresponding observed head from 88 observation boreholes.  The corresponding 
parameter is obtained from previous pumping tests. And the related source/sink terms are evaluated from 
actual consumptions in the study area, which are listed in Table 1. 
 
Fig. 1. Grid discretization of the simulated domain 
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Table 1. Parameters for model calibration （104 m3）
Step 1999.3.25～2001.3.24 2001.3.25～2002.8.25 
Step period（day） 365 153 
Rainfall 7541.63 5981.99 
Irrigation 2452.02 1796.89 
Lateral inflow 2346.52 949.88 
River leakage 0 0 
Sources
Total 12340.17 8728.76 
Domestic 2021.35 871.34 
Irrigation exploit 9982.76 7187.59 
Animal consumption 460 194.89 
Lateral outflow 486.98 108.56 
Evoporation 0 0 
Industrial exploit 735 319.71 
Sinks
Total 13686.09 8682.09 
Fig. 2 The fitness of computed and measured water head for the first (left) and second time period (right) in the calibration process 
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We can observe in both figures that the model reasonably reproduces the observed values, with a mean 
error about 0.003 m and normalized root-mean-square (RMS), 0.08%, which indicate that the conceptual 
model, boundary condition and hydrological parameters used in the model are reliable, and it can be 
further used to forecast the groundwater flow. 
4. Conclusions and discussions 
A three dimensionally non-steady groundwater flow model has been developed in this paper. The 
aquifer system is divided into three units based on the hydrological setting. The model calibration has 
been performed based on the available data from 1999 to 2000 by analyzing the hydrological parameters 
and other related source/sink terms, in which the values of the source/sink used in the model are obtained 
from the evaluation of the present consumption in the study area. The model results show that the 
computed values are in good-fitness of the measure data, which indicate the conceptual model is 
reasonable and it can be applied to further predict the changes of groundwater levels under different 
exploitation scenarios considering the future water demands in the study area. 
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